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Appendix D

Diameter Analysis

Buckling Don T. Clark, Oct. 18, 2000

The purpose of this calcuiation is 1o defermine optimum outer diameters for the probe casings, to
prevent buckling direct push and sonic load. This in not a formal analysis and need not follow
MCP-2374 for format, checking, etc. The results of this analysis support using a 2.5" outer diameter for
the Lysimeter, Tensiometer, and Vapor Port (Conesipper). In the case of the Soit Moisture Probe,

where constrained to either 1.75" or 2" off-the-shelf probe casings, the 2" is better.
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Approach [1, Sections 3-14 & 3-15]:

2
L L L 2pCRpE
1. Computej= & = - T | —— 1. egn 3-56]
k I k actual \ I J FY
L L Per
2. If f= ) = => EUlEr EQN == = [1, egn 3-55]
K | K actual A
cr
L2
2
P F 2
3.t f=] 4= => Johnson Eqn == = F v M) i | [1, eqn 3-58]
! actual A 2 CR'E K actu
Materials: ORIGIN -1  kipm1000Ibf ksi #1000 psi
E g5t -®27.51 ¢ psi  Moduius of Elasticity for SST
FU gt 78 75ksi Fy ¢t @ 30ksi  Ultimate & yield strength for 304/316 SST per ASTM A276

[2]. used in ARA's insfrument casing.
E cs™® 301 G“’-psi Modulus of Elasticity for CS

Fu 4738 86ksi Fy 471379 56ksi Ultimate & yield strength for AlSI 4130 [4], used in ARA'S
instrument casing, per Wes Bratton telecom (7-7-2000).

Fu 434-8 107 ksi Fy 43478 6P ksi Ultimate & yield strength for AISI 4340 [4], used in ARA's
probe casing, per Wes Bratton telecom (7-7-2000).
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Crml.2 Fixed-pinned condition
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Lki | Lki =147.354 Buckling Indice for Stainless Steel
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Lki 473" Lki 473 =112.648Buckling Indice for AlSI 4130 Carbon Steel (casing)
4 Fy s13
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Lki 434- 4 - Lki 434 =101.483Buckling Indice for AlSI 4340 Carbon Steel (instrument)
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P masf® 37300Ibf  Peak dynamic load dlong probe for 30,000-Ibf & 120 Hz input

L -®1-ft  Unbraced pipe bucking length  r-m1..rows(E)
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Ls175" =(4.99 5.13 4.92)ft Ls20" =( 6,353 6.321 5.974)ft Sonic Peak Load Lengths

Ls175" =( §9.93 61.6 59.03)%n Ls20' =( 76.233 75.851 71.685 )vin

p P
§ g1 75t e s ¢75=23.026ks] PRI s gpp =19.484ks
A17s A20
25175 0768 S 20
27.50 304 ST 41.34
ws175 =| 28.268eiof  4130Cs  Ws20 = 41.14]el0f
27.09 4340 CS 38.8

Sonic Buckling Case Lengths

N
_O

MaxirrumB uckling L ength

3

r
Material (1-304/316, 2-4130, 3-4340)

1.75" OD x 0.375" thk tube
2.0"0OD x 0.375" thk tube
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P push:l 11000Ibf  Direct push load magnitude

L p" 1-ft  Unbraced pipe buckling length  rza1..rows(E)
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Lp175T =(7.41 6.16 5.64)ft LD2OT =( 8.93 7.308 6.675)ft Direct-Push Load Lengths

Lp175' =( 88.92 73.94 67.72pin Lp20" =( 107.158 87.701 80.096)%in

40.80 304 ST 58.12
Wp175 =] 33.932]*lbf 4130CS  Wp20 =|f 47.56°lbf
31.07 4340 CS 43.4

Direct-Push Buckling Case Lengths
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Materal (1-304/316, 2-4130, 3-4340)
1.75"OD x 0.375" thk tube
2.0"OD x 0.375" thk tube



Summary:
Sonic Loading Safety Factor = 1.0 based on Fy (Material Yield Strength for minimum ASTM)
Direct-Push Loading Safety Factor = 1.25 based on Fy (Material Yield Strength - average)

Sonic Peak Load Direct-Push Load

lengths SST 4130 4340 lengths SST 4130 4340
Ls175" =( 4.99 513 4.92)t Lp175' =( 7.41 6.16 5.64 pt
Ls175" =( 59.93 61.6 59.03 )sn Lp175' =( 88.92 73.94 67.72)n
$5175 . . )
—— =0.768 Maoximum compression/tension stress OK
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Rings Inst. Casing Rings Inst. Casing

Ls20" =( 6.353 6.321 5.974 st p20' =(8.93 7.308 6.675 pft
Ls20 =( 76.233 75.851 71.685 )*in Lp20" =( 107.158 87.701 80.096 )i
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MaximumB ucklingL ength
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MaximumB uckling L ength

B 2 3 2 3
Material (1 -304/33 6, 2-4130, 3-4340) Material (1 -304/3r1 6. 2-4130, 3-4340)
1.75" OD x 0.375" thk tube 1.75" OD x 0.375" thk tube
2.0"OD x 0.375" thk tube 2.0"OD x 0.375" thk tube
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